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(54) VARIABLE ELECTRICAL DELAY LINE 



(71) We, WESTINGHOUSE ELEC- 
TRIC CORPORATION of Westinghouse 
Building, Gateway Center, Pittsburgh, 
Pennsylvania, United States of America, a 

5 company organised and existing under the 
lav/s of the Commonwealth of Pennsylvania, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the 

10 method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement: — 

This invention relates to variable electrical 
delay lines and, more specifically, to delay 

15 lines the phase dispersion characteristic of 
which can be varied. 

Delay lines in the form of meander lines 
are well known and are generally constructed 
by forming the center strip conductor of a 

20 planar stripline transmission line in a pattern 
which provides a plurality of spaced, gener- 
ally parallel, electrically inter-acting segments. 
The meander line exhibits phase dispersive 
characteristics in that the total time delay 

25 introduced in a signal transmitted along the 
line is a nonlinear function of the signal fre- 
quency. 

For example, if two in-phase signals of 
different frequencies such as first and second 

30 harmonic signals are transmitted through a 
dispersive meander line, the t v/o output signals 
from the line will be cut of phase. The rela- 
tive phase difference between the two output 
signals depends upon the dispersive character- 

35 istics of die meander line at the frequencies 
of the applied signals and is a function of 
the physical configuration of the meander 
line. Thus, to vary the dispersive character- 
istics of a meander line at a predetermined 

40 frequency, the physical configuration of the 
line must be varied. Similarly, to retain de- 
sired dispersive characteristics of a meander 
line at different frequencies, the physical con- 
figuration of the meander line must be varied. 

45 . It may be desirable to vary the dispersive 
characteristic which a meander line presents 
to a fixed frequency signal or to retain a 
particular dispersive characteristic over a 
range of frequencies. For example, it may be 



desirable to phase shift a second harmonic 50 
signal by a predetermined amount relative to 
the first harmonic or fundamental signal to 
achieve second harmonic signal suppression. 
In an application such as harmonic suppres- 
sion in a radar system, the fundamental signal 55 
frequency may be variable within a predeter- 
mined band and, to be effective, the phase 
dispersion characteristics of the meander line 
may necessarily have to be variable. Avail- 
able dispersive meander line signal delay 60 
systems cannot provide this capability. 

These and other objects and advantages are 
accomplished through the provision of a delay 
line having a selectively variable physical con- 
figuration. More specifically, a first substrate 65 
is provided with an electrically conductive 
strip formed with a plurality of electrically 
interactive segments or sections along one 
surface thereof. A second substrate is dis- 
posed in at least partially overlying relation 70 
with the strip of the first substrate. The 
second substrate is provided with electrically 
conducting means contacting the strip of the 
first substrate for varying the electrical inter- 
action between the segments thereof in re- 75 
sponse to relative movement between the two 
substrates. 

The interaction varying means is prefer- 
ably another electrically conductive strip 
formed with a plurality of electrically inter- 80 
active segments or sections disposed along 
the surface of the second substrate. The 
strip along the surface of the second substrate 
is preferably substantially a mirror image of 
the strip along the surface of the first sub- 85 
strate so that the strips are substantially co- 
extensive and coincide in one position of the 
first substrate relative to the second sub- 
strate. 

In utilizing the variable dispersion delay 90 
line for the suppression of second harmonic 
power in power amplifier chains, an output 
signal from a signal source such as a first 
power amplifier is coupled to an amplifier 
such as a second power amplifier through the 95 
variable dispersion delay line. The output 
signal from the signal source includes a funda- 
mental frequency component and a second 



harmonic frequency component, and the dis- 
persive characteristic of the variable dis- 
persion delay line is adjusted to obtain 
approximately a 180° phase displacement be- 

5, tween the fundamental and second harmonic 
frequency components. The second harmonic 
power generated by the second. power ampli- 
fier is thereby suppressed by the phase shifted 
second harmonic frequency component of the 

10 signal coupled from the signal source to the 
amplifier. 

m The invention accordingly resides broadly 
m a variable electrical delay line comprising 
a first member having a first electrical con- 

13 ductor which provides a plurality of elec'ri-- 
ally interactive, phase dispersive segments 
spaced along the length thereof; a second 
member overlying at least one of said se*- 
ments of said first member and including °a 

m second electrical conductor overlying said 
segment of the first conductor for varying the 
electrical interaction between the segments 
of the first conductor as a result of relative 

25 be r r ment between said first and sec °nd mem- 

A preferred embodiment of the invention 
will now be described, by way of example 
only, with reference to the accompanvin* 
drawings, in which:— ° 
30 Figure 1 is a perspective view of a r, r i or 
art dispersive meander line; r 

Fig. 2A is a graph illustrating the delay 
characteristics of dispersive and nondispersive 
delay hnes; 

Fig 2B is a graphical representation of 
typical waveforms of first and second har- 
monic signals illustrating the effects - of trans- 
mission through dispersive and nondispersive 
delay hnes; 

40 Fig. 3 is a functional block diagram of 
an arrangement for suppressing second har- 
monic signals; 

Fig 4 is an exploded, perspective view of 
a variable dispersion meander line; 

Figs. 5A and 5B are views in cross-section 
(to a larger scale than Fie. 4) of the variable 
dispersion meander line of Figure 4 illustrat- 
ing two selected positions thereof; 
™ ..J ig - 6 . is a § ra P h illustrating the ph a *e 
^ difference introduced between first and second 
harmonic signals as a function of the physical 
characteristics of the variable dispersion 
meander line of Fisrure 4; and " 
. Fl l' 7 is a S ra Ph fllustratin* the variations 
m characteristic impedance of the variable 
clispersion meander line of Figure 4 as a 
function of the physical characteristics there- 
of. 

60 in A o m< T ander line ma y typically be utilized 
^ a^ microwave system as a delay or phase 
shifting element. As in Figure 1 where a 
typical meander line is illustrated, an electric- 
ally conductive strip 10 may be encapsulated 
m a substrate 12 of a low loss, microwave 

65 dielectric material. The substrate 12 ma™ 



any suitable dielectric material having a 
conductive outer cladding, e.g. } copper-clad 
polytetrafluoroethylene-fiber glass. The con- 
ductive strip 10 may be provided with 
terminals or connectors to a microwave cir- 70 
cuit. The strip 10 is configured in a zig-zag 
or "meander line" pattern to provide a 
plurality of spaced, substantially parallel, 
electrically interactive or coupled phase dis- 
persive segments 16 between the ends 14 75 
thereof. Each segment 16 has length desig- 
nated L, determined in a conventional man- 
ner by the frequency for which the meander 
hue is designed, and a strip width W which, 
in conjunction with a gap spacing S and an 80 
intersegment pitch dimension D, primarily 
determines the dispersive characteristics of 
the meander line. 

A meander line such as that illustrated in 
Figure 1 exhibits a phase dispersive charac- 85 
terisuc in that the delav or phase shift intro- 
duced between the ends 14* of the meander 
line is nonlinear as a function of the fre- 
quency of the signal coupled therethrough. 
Ihis pnase dispersive characteristic of a 90 
meander fine is a function of the physical 
configuration of the meander line as well as 
the frequency of the applied sienal. For ex- 
ample, as the ratio of the width W of the 
strip 10 to the pitch D of the interactive 95 
segments 16 is increased from zero to one, 
the phase characteristics vary from nondis- 
persive to resonant. Similarly, the phase dis- 
persion of the meander line is inverselv re- 
lated to the ratio of eao width. S to pitch D, 100 
i.e., as die ratio S/D decreases, the phase 
dispersion of the meander line increases. 

The dispersive characteristic of a meander 
line as compared to a nondispersive delay line 
is illustrated in Figure 2A~ Referring now 105 
to Figure 2A, a linear relationship exists 
between the frequencv of an applied signal 
expressed m terras of angular frequency <o 
and the electrical length of a nondispersive 
aelay line expressed in terms of relative phase HO 
<f> as is indicated by the line 18. Thus, it 
can be seen that for a nondispersive delay 
lme 3 a signal having an angular frequency 
<* x and a signal having an angular frequency 
2w 1 will be phase shifted bv the same relative 115 
amounts because of the linear delay charac- 
teristics of a nondispersive delay line at 
different frequencies. 

This linear relationship may be more clearly 
understood with reference to Figure 2B 120 
wherein a first signal 20 at a fundamental fre-' 
quency and a signal 22 at the second harmonic 
thereof are graphically illustrated. With these 
two signals applied to a nondispersive delay 
line, each signal is linearlv delayed or phase 125 
shifted and the phase of. the fundamental 
signal 20 relative to the phase of the second 
harmonic signal 22 will be the same both 
before and after the sijmals are delayed 

A dispersive delay line, on the other hand, 130 
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exhibits a non-linear delay for signals of 
different frequencies and results in the curve 
24 of Figure 2A. Thus, with the same 
fundamental frequency signal 20 and the 

5 same second harmonic signal 22 applied to 
a dispersive delay line having the character- 
istic curve 24 illustrated in Figure 2A, a rela- 
tive phase shift &<j> will be introduced between 
the fundamental and second harmonic output 

10 signals. This relative phase displacement may 
be more clearly seen with reference to Figure 
2B. 

Referring to Figure 2B, the fundamental 
signal 20 and the second harmonic signal 
15 22 may be applied to the phase dispersive 
meander line of Figure 1. Assuming that each 
segment 16 of the meander line "of Figure 
1 exhibits the phase dispersive characteristics 
illustrated by the curve 24 in Figure 2A, 
20 the output signals from the meander line will- 
have a relative phase displacement 
(where N is the number of segments 16) as 
is indicated by the phase relationshiD between 
■ the fundamental signal 20 and the nonlinearly 

25 delayed second harmonic signal 26 illustrated 
in phantom in Figure 2B. 

It has been found that the nonlinear dis- 
persion characteristic of a meander line is 
useful in microwave amplifying circuits for 

30 the suppression of second harmonic power 
generated in power amplifier chains. With 
reference to Figure 3, for example, a power 
amplifier 28 may provide a relatively high 
power microwave output signal having ex- 

3d cessive second harmonic signal content. To 
reduce the second harmonic signal content of 
the output signal, the output signal from the 
power amplifier 28 may be applied to a second 
fcigh power output amplifier 30 through a 

40 variable phase dispersion meander line 32 
hereinafter described in greater detail. 

In operation, the phase relationship be- 
tween the first and second harmonic signals 
from the power amplifier 28 may be adjusted 

4d through adjustment of the phase dispersion 
characteristics of the variable phase dis- 
persion meander line 32. When "this phase 
relationship is properly adjusted so that the 
second harmonic signal is approximately 180° 

50 out of phase with the fundamental signal, the 
second harmonic power generated in the out- 
put amplifier 30 may be significandv reduced 
by the injected, phase shifted second' harmonic 
signal from the variable phase dispersion 

5:> meander line 32. While, in general, it is 
necessary to control the amplitude as well as 
the phase of the injected "second harmonic 
signal to achieve complete cancellation, a 
significant reduction of more than 10 dB in 

60 the second harmonic content of the output 
amplifier 30 has been demonstrated by adjust- 
ing only the phase of the injected harmonic. 

The variable phase dispersion meander line 
32 of Figure 3 may be constructed in accord- 

65 ance with the preferred embodiment of the 



present invention illustrated in Figures 4 
and 5. Referring now to Figure 4, the variable 
phase dispersion meander line 32 of the pre- 
sent invention may include a first substrate 
34 having a thickness A and having an elec- 70 
tricaliy conductive strip 36 embedded in one 
surface 35 thereof. As can be seen more 
clearly in Figures 5A and 5B, the electrically 
conductive strip 36 is preferably embedded 
in the substrate 34 sufficiendy so. that an 75 
outer surface of the strio 36 is flush with 
the surface 35 of the substrate 34. 

The strip 36 is desirably configured to 
provide a plurality of spaced, substantially 
parallel, electrically interactive phase disper- 80 
sive segments 36' along the length thereof. 
As is illustrated in Figure 5A, the segments 
36' may each be defined as having a width 
W and may be separated by a gap separation 
distance S. The separation distance S plus 85 
the width W define a distance D (the pitch 
dimension) between corresponding edges of 
the segments 36', e.g., between the rightmost 
or leftmost edges of the segments 36'. 

A second substrate 38 having an electrically 90 
conductive strip 40 embedded in and flush 
with one surface 37 thereof may provide a 
means for varying the phase dispersive 
characteristics of the segments 36' embedded 
in the first substrate 34. The electrically con- 95 
ductiye strip 40 is preferably configured as 
a mirror image of the strip 36 with an 
identically formed plurality of electrically 
interactive, phase dispersive segments 40' 
along the length thereof. With the surfaces 100 

35 and 37 of the respective substrates 34 
and 38 disposed in abutting relation as is 
illustrated in Figure 5A, the conductive strips 

36 and 40 are disposed in electrical contact 

and thus provide an electrically continuous, 105 
substantially coextensive strip. By moving one 

of the substrates 34 and 38 relative to the 

other as is illustrated in Figure 5B, the ratio 
of S/D may be varied to vary the dispersion 
characteristics of the meander line. 110 

While the segments 40' are preferably 
formed from an electrically continuous strip 
40, it can be seen that the portions of the 
strip 40 extending longitudinally of the sub- 
strate do not direcdy affect the S/D ratio 115 
when the substrates 34 and 38 are relatively 
moved. Thus, the segments 40' need not be 
electrically connected" to obtain a movement 
responsive variation in the S/D ratio and 
thus the phase dispersive characteristics of 120 
the meander line. The illustrated embodi- 
ment is, however, preferred since losses due 
to sharp corners are rnininiized with the illus- 
trated embodiment. 

The substrates 34 and 38 may be formed 125 
from a suitable low loss, microwave dielectric 
material such as commercially available com- 
posite of copper-clad, polytetrafiuoroethylene- 
fiber glass. The conductive strips 36 and 40 
may be formed from any suitable, highly 130 
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electrically conductive material, preferably 
copper with a gold plating thereover. More- 
over, the corners of the transmission line 
formed by the conductive strips 36 and 40 
5 may be chamfered as illustrated to reduce re- 
flections. 

With continued reference to Figure 4, the 
substrate 34 and 38 may be accurately slid- 
ably positioned relative to each other for the 

10 purpose of accurately varying the dispersion 
characteristics of the meander line by slidably 
mounting one of the substrates, e.g. 3 the sub- 
strate 38, in a support frame generally indi- 
cated at 42. ihe support frame 42 may 

15 include a relatively fiat support plate 44 
having a transversely extending flange 46 at 
one end thereof and spacing members 48 
flong each edge thereof. The spacing mem- 
bers 48 may be substantially ~ identical in 

20 thickness to the thickness A of the substrate 
38 and may slidably receive the substrate 38 
therebetween with a surface 50 of the sub- 
strate 38 resting in abutment with a surface 
of the support plate 44. 

25 A laterally extending flange 52 may be pro- 
vided at one end of " the substrate 38, and 
threaded apertures generally indicated at 54 
and 56 may be provided through the respec- 
tive flanges 46 "and 52. A threaded adjusi- 

30 merit screw 58, for example a machine screw 
threaded in opposite directions at opposite 
ends thereof, may be threaded into the 
threaded apertures 54 and 56 to provide 
accurate movement of the substrate 38 along 

35 the channel formed by the spacers 48 in 
response to rotation of the adjustment screw 
58. The substrate 34 may then be conven- 
tionally fastened to the support frame 42 so 
that the substrate 34 is fixed relative to the 

40 support frame 42. For example, threaded 
apertures 60 may be provided in the spacers 
48 and correspondingly positioned apertures 
62 may be. provided through the substrate 34. 
The substrate 34 may thereby be bolted to 

45 the spacer 48 so that'the surfaces 35 and 37 
of the substrates 34 and 38 are in sliding 
engagement. 

In operation, the substrates 34 and 38 of 
the variable dispersion meander line of Figure . 

50 4 may be initially positioned so that the strips 
36 and 40 are substantially co-extensive in 
width as is illustrated in Figure 5A. To facili- 
tate an understanding of the invention, it 
may be assumed that "the variable dispersion 

55 meander line is to be employed to reduce 
the second harmonic signal content of an 
amplified signal as was previously described 
in. connection with Figure 3. In this con- 
nection, an amplified microwave signal from 

60 .a first power amplifier may be applied through 
the variable dispersion meander line of Figure 
4 and the output signal therefrom may be 
applied to a second power amplifier. The 
output signal from the second power ampli- 

65 fier may. be monitored for second harmonic 



signal content and the relative positions of 
the substrates 34 and 38 may be adjusted by 
turning the adjusting screw 58. 

As the adfusting screw 58. is rotated, the 
substrates 34 and 38 and the electrically 70 
interactive segments 36' and 40' move rela- 
tive to each other resulting in a change in 
the S/D ratio and the dispersive character- 
istics of the meander line. As is illustrated in 
Figure 6, the phase delay cf die fundamental 75 
signal relative to its second harmonic signal 
for each electrically interactive segment of 
the variable dispersion meander line may be 
nonlinearly varied over a relatively large 
range by changing this S/D ratio. 80 

With continued reference to Figure 6, the 
phase difference A<£ for various ratios cf sub- 
strate thickness 2A to coupled segment 
pitch D varies in a decreasing manner with an 
increase in the ratio of S/D. Thus, for a 85 
ratio of 2A/D=2.9 (curve 66) the phase 
difference A£ for each interacting segment 
of the variable dispersion meander line may 
be varied between approximately 35° and 
90° by varying the ratio of S/D between 90 
0.5 and 0.01. Similarly, curves 68 and 70 
indicate the variable phase dispersion charac- 
teristics obtained in accordance with the pre- 
sent invention for ratios of 2A/D equal, re- 
spectively, to 1.0 and 0.5. 95 

A 180° phase difference between the funda- 
mental and the injected second harmonic 
signals provides maximum second harmonic 
signal cancellation. Thus, with a variable dis- 
persion meander line having the characteristics 100 
illustrated by the curve 66 of Figure 8, three 
interacting segments may be provided to per- 
mit a variation of phase difference over a 
range of between 105° and 270°, i.e., three 
times the quantity 2A/D for one meander 105 
line section. The* S/D ratio may then be 
varied within this range by adjusting the 
screw 58 to provide a "total of 180° phase 
displacement between the first and second 
harmonic signals. In the exemplary meander 110 
line having the characteristics illustrated by 
the^curve 66, this S/D ratio is approximately 
0.15 since this ratio provides a phase differ- 
ence A<*> of approximately 60° for each of 
the three interacting segments. 115 

The practical range over which the ratio 
S/D may be varied is determined by the 
variation in characteristic impedance which 
can be tolerated in the particular application 
of the variable dispersion meander line. As 120 
the S/D ratio is varied, the characteristic 
impedance of the variable dispersion meander 
line varies and may result in an undesirable 
loss of power should too great an impedance 
mismatch result from varying the S/D 125 
ratio. 

In Figure 1 the variation of the charac- 
teristic impedance Z 0 of a variable dispersion 
meander line constructed in accordance with 
the teachings of the present invention is illus- 130 
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trated as a function of the ratio S/D for 
ratios of 2A/D equal to 2.0 (curve 72), 1.0 
(curve 74) and 0.5 (curve 76). Referring now 
to Figure 7 wherein the product of the 

5 characteristic impedance Z 0 times the square 
root of the relative dielectric constant \/^ r 
of the substrate material is plotted as a func- 
tion of the ratio S/D, it can be seen that for 
a ratio of 2A/E>=2.0 (curve 72), the charac- 

10 teristic impedance-relative dielectric constant 
product may vary from approximately 46 
ohms at an S/D ratio of 0.01 to approxi- 
mately 130 ohms at an S/D ratio of 0.5. It 
can be seen that with, the exemplary meander 

15 line previously discussed in connection with 
Figure 6 adjusted to an S/D ratio of 0.15, 
the square root of the characteristic imped- 
ance-relative dielectric constant product is 
approximately 80 ohms. 

20 Assuming that a typical substrate material 
has a relative dielectric constant of about 
three, the characteristic impedance of the 
variable dispersion meander line having a 
2A/D ratio of 2.0 is approximately 46 ohms 

25 when adjusted to provide an S/D ratio of 
0,15 and the resultant 180° fundamental to 
second harmonic phase difference. In a cir- 
cuit application wherein the characteristic 
impedance must be maintained within certain 

30 acceptable limits, e.g., 50 ohms ± 10 ohms, 
this value of 46 ohms is well within the 
acceptable limits at the S/D ratio of 0.15 and 
permits adjustment on either side of the 0.15 
S/D ratio. 

35 It can be seen from the foregoing descrip- 
tion that the variable dispersion meander 
line of the present invention may provide 
a continuously variable dispersion character- 
istic within desired limits while substantially 

40 maintaining the characteristic impedance of 
the line within an acceptable range. 

The disclosed variable phase dispersion 
technique ma}' be readily adapted for use in 
harmonic cancellation in microwave systems 

45 and can be applied to other systems wherein 
phase equalizers or variable time delay devices 
are employed. 

WHAT WE CLAIM IS: — 

1. A variable electrical delay line compris- 
50 ing a first member having a first electrical 
conductor which provides a plurality of elec- 
trically interactive, phase dispersive segments 
spaced along the length thereof; a second 



member overlying at least one of said seg- 
ments of said first member and including a 55 
second electrical conductor overlying said seg- 
ment of the first conductor for varying the 
electrical interaction between the segments 
of the first conductor as a result of relative 
movement between said first and second 60 
members. 

2. A variable delay line according to claim 
1, characterized in that the second electrical 
conductor includes a plurality of electrically 
interactive, phase dispersive segments over- 65 
lying said first member, the segments of the 
second conductor being at least partially co- 
extensive with and electrically contacting 
associated, ones of the segments of the first 
conductor to constitute respective combined 70 
segments. 

3. A variable delay line according to claim 
1 or 2 characterized in that each of said 
combined segments has a width W measured 
along the length of the first member and said 75 
combined segments are spaced by a distance 

S along the length of the first member, the 
second electrical conductor varying the ratio 
of the spacing S to the distance S-KW as 
a result of said relative movement. 80 

4. A variable delay line according to any 
of the preceding claims, characterized by first 
and second terminals connected to said first 
conductor. 

5. A variable delay line according to any 85 
of the preceding claims characterized in that 

the first and second conductors are each sub- 
stantially planar and are carried respectively 
by said first and second members in sliding 
contact with each other. °0 

6. A variable delay line according to any 
of the preceding claims characterized in that 
said first and second members are substrates. 

7. A variable delay line according to any 

of the preceding claims characterized in that 95 
said first and second conductors are strips. 

8. A variable delay line according to any 
of the preceding claims characterized in that 
said first and second conductors are disposed 

on the first and second members as meander- 100 
ing conductors. 

9. A variable electrical delay line substan- 
tially as hereinbefore described with refer- 
ence to and as illustrated in Figures 2 A — 7. 



RONALD VAN BERLYN. 



Printed for Her Majesty's Stationerv Office, by the Courier Press, Leamington Spa, 1976. 
Published by The Patent Office, 25 Southampton Buildings, London, WC2A 1AY, from 

which copies may be obtained. 



1439893 COMPLETE SPECIFICATION 

4 SHEETS drawing is a reproduction o 

the Original on a reduced scale 
Sheet 1 




PRIOR ART 




F1G.2A 



A 



20, 



1439893 COMPLETE SPECIFICATION 

\g is a rep 
al on o. re< 

Sheet 2 



A cuppTS drawin 8 ls a ^production of 

*t the Original on a. reduced scale 



f 28 


(* 




POWER 




VARIABLE PHASE 
DISPERSION 


i — 'i 

J OUTPUT 


AMPURER 




HEANDERUNE 


j| /wpufo 



F/63 



F7654 



FIG.5B 




1439893 COMPLETE SPECIFICATION 

A CUFPT^ drawing is a reproduction o 

4 SMttia 0riginaf on Q re( j uce( f Jca / e 

Sheet 3 




1439893 COMPLETE SPECIFICATION 

4 SHEETS Growing is a reproduction of 

the Original on a reduced scale 

Sheet 4 




